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Supplementary materials 1 
 2 
In this section, the impact of each outlier detection technique on the performance of regression 3 
models is presented. More specifically, Table S1 presents the performance of the regression 4 
models for estimating the PG content and biomechanical properties of articular cartilage when 5 
no outlier detection method was utilized. 6 
 7 

Table S1. Performance of regression models without any outlier removal in the optical properties, 8 
proteoglycan content, and biomechanical properties of articular cartilage on the blind test set. X: No 9 

prediction; PLS: partial least-squares regression model; SVR: support vector machines regression model; RF: 10 
random forests regression model; Inst.: Instantaneous; Eq.: Equilibrium; and Dyn.: Dynamic modulus. ࡾ૛, ࣋, 11 

and nRMSE are the coefficient of determination, the correlation coefficient, and the normalized root mean 12 
squared by the range of reference variables, respectively. The shaded tabs represent the best estimation of the 13 

reference variables. 14 
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Model 
(optimal 

parameters) 

(kernel=rbf, 
C=10ଶ, γ = 2.5 × 10ିଶ) 

(kernel=sigmoid, 
C=10ଷ, γ=2.5 ×10ିସ) 

(݊௖௢௠௣௢௡௘௡௧௦
=1) 

(݊௖௢௠௣௢௡௘௡௧௦
=1) 

(kernel=rbf, 
C=0.25, γ = 

0.1 ) 

(݊௖௢௠௣௢௡௘௡௧௦
=2) 

Score 
(ܴଶ, ߩ, 

nRMSE) 

(0.0937, 
0.4702, 
0.1904) 

(0.2567, 0.6987, 
0.1333) 

(0.0721, 
0.5583, 
0.1705) 

(0.1191, 
0.7606, 
0.1838) 

(0.0229, 
0.579, 

0.2503) 

(0.2319, 
0.6636, 
0.1638) 

 16 
 17 
 18 
 19 
 20 
 21 



2 
 

Table S2 presents the capacity of cartilage optical properties over the aforementioned NIR 22 
spectral ranges for estimating the cartilage PG content and biomechanical properties when the 23 
boxplot outlier test was employed. It is worth noting that no outlier was detected in the PG 24 
content of SZ and equilibrium modulus using this method. 25 
 26 
 27 

Table S2. Performance of regression models with the boxplot outlier removal in the optical properties, 28 
proteoglycan content, and biomechanical properties of articular cartilage on the blind test set. X: No 29 

prediction; PLS: partial least-squares regression model; SVR: support vector machines regression model; RF: 30 
random forests regression model; split: minimum samples split RF-hyperparameter; Inst.: Instantaneous; Eq.: 31 

Equilibrium; and Dyn.: Dynamic modulus. ࡾ૛, ࣋, and nRMSE are the coefficient of determination, the 32 
correlation coefficient, and the normalized root mean squared by the range of reference variables, respectively. 33 

The shaded tabs represent the best estimation of the reference variables. 34 
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Score 
(ܴଶ, ߩ, 
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 43 
Table S3 presents the performance of the regression models when ELEN outlier technique 44 
was utilized on the cross-validation and blind test set for detecting the discordant data.  45 
 46 
 47 
Table S3. Performance of regression models with ELEN outlier removal in the optical properties, proteoglycan 48 

content, and biomechanical properties of articular cartilage on the blind test set. X: No prediction; PLS: 49 
partial least-squares regression model; SVR: support vector machines regression model; RF: random forests 50 

regression model; Inst.: Instantaneous; Eq.: Equilibrium; and Dyn.: Dynamic modulus. ࡾ૛, ࣋, and nRMSE are 51 
the coefficient of determination, the correlation coefficient, and the normalized root mean squared by the 52 
range of reference variables, respectively. The shaded tabs represent the best estimation of the reference 53 

variables. 54 
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Table S4 indicates how the OCSVM outlier detection technique affected the capacity of 65 
cartilage optical properties for predicting the composition and functional integrity of the tissue 66 
when the regression models developed and tuned on the cross-validation set and evaluated on 67 
the blind test set. 68 
 69 

Table S4. Performance of regression models with OCSVM outlier removal in the optical properties, 70 
proteoglycan content, and biomechanical properties of articular cartilage on the blind test set. X: No 71 

prediction; PLS: partial least-squares regression model; SVR: support vector machines regression model; RF: 72 
random forests regression model; split: minimum samples split RF-hyperparameter; Inst.: Instantaneous; Eq.: 73 

Equilibrium; and Dyn.: Dynamic modulus. ࡾ૛, ࣋, and nRMSE are the coefficient of determination, the 74 
correlation coefficient, and the normalized root mean squared by the range of reference variables, respectively. 75 

The shaded tabs represent the best estimation of the reference variables. 76 
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Table S5 presents the capacity of cartilage optical properties over the NIR spectral ranges for 85 
estimating the cartilage PG content and biomechanical properties when the LOF outlier 86 
method was employed.  87 
 88 
Table S5. Performance of regression models with LOF outlier removal in the optical properties, proteoglycan 89 

content, and biomechanical properties of articular cartilage on the blind test set. X: No prediction; PLS: 90 
partial least-squares regression model; SVR: support vector machines regression model; RF: random forests 91 
regression model; split: minimum samples split RF-hyperparameter; Inst.: Instantaneous; Eq.: Equilibrium; 92 

and Dyn.: Dynamic modulus. ࡾ૛, ࣋, and nRMSE are the coefficient of determination, the correlation 93 
coefficient, and the normalized root mean squared by the range of reference variables, respectively. The 94 

shaded tabs represent the best estimation of the reference variables. 95 
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Finally, Table S6 presents the impact of the ISOFOR outlier detection method on the capacity 108 
of cartilage optical properties over the NIR spectral ranges for estimating the cartilage PG 109 
content and biomechanical properties.  110 

 111 
Table S6. Performance of regression models with ISOFOR outlier removal in the optical properties, 112 
proteoglycan content, and biomechanical properties of articular cartilage on the blind test set. X: No 113 

prediction; PLS: partial least-squares regression model; SVR: support vector machines regression model; RF: 114 
random forests regression model; split: minimum samples split RF-hyperparameter; Inst.: Instantaneous; Eq.: 115 

Equilibrium; and Dyn.: Dynamic modulus. ࡾ૛, ࣋, and nRMSE are the coefficient of determination, the 116 
correlation coefficient, and the normalized root mean squared by the range of reference variables, respectively. 117 

The shaded tabs represent the best estimation of the reference variables. 118 
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